We report the modification of graphene oxide (GO) by thermal reduction to obtain reduced graphene oxide (RGO) and subsequent modification by sulfophenyl groups as well as the characterization of these materials by thermogravimetric analysis coupled with mass spectroscopy (TGA-MS). The chemical modification of RGO was carried out by the spontaneous reaction of RGO with in situ generated sulfophenyl diazonium ions. The three different types of materials were also characterized by elemental analysis, Fourier transform infrared spectroscopy (FTIR), Raman spectroscopy and X-ray photoelectron spectroscopy (XPS). The characteristic absorption band at 1034 and 1160 cm À1 in the FTIR spectrum of the sulfophenyl-modified RGO (SRGO), as well as Raman spectroscopy and TGA-MS data indicated that sulfophenyl groups were successfully grafted on RGO. The presence of organic molecules at the SRGO surface was also demonstrated by elemental analysis, transmission electron microscopy, energy dispersive X-ray spectroscopy and XPS. TGA data and elemental analysis results showed that the loading of sulfophenyl groups was about 12 wt% and UV-visible-near IR spectroscopy confirms the slight increase of the optical band gap of RGO after covalent grafting of sulfophenyl groups on its surface.
Introduction
Graphene is a two-dimensional carbon material consisting of a single-atom-thick graphitic layer that has been used in electronic devices, 1,2 composite materials 3,4 and energy storage systems. [5] [6] [7] [8] [9] Graphene is commonly produced from natural graphite, which is widely available at low cost. 10 However, graphene is not directly prepared from graphite. Instead it is obtained by the reduction of graphene oxide (GO), previously produced by the Hummers method. 11 The reduction of GO to graphene restores the electronic properties of graphene and has been performed by using reducing agents such as hydrazine (N 2 H 4 ), 12, 13 sodium borohydride (NaBH 4 ), 14, 15 dimethyl hydrazine 3 and hydriodic acid (HI). 16, 17 However, these reducing agents may be harmful to the environment or too expensive when used for mass production of graphene. Also, the quality of the reduced GO, RGO, strongly depends on the reducing agent and other experimental conditions. 18 Alternatively, thermal reduction, which is considered a green method because no hazardous chemicals are required, can also afford RGO.
Graphene possesses a zero band gap that severely limits its applications due to its chemical inertness. 4, 19 Opening the band gap of graphene and its derivative by doping, intercalation or graing by organic molecules would be useful for applications mentioned above. 6, 8 Importantly, functionalization with organic molecules led to a good dispersion of graphene in common organic solvents. 20 For several large-scale applications, RGO is a more widely used and attractive material than graphene. Similarly, its functionalization is important to modify its properties and open up its applications to the areas.
Here we report, a detailed investigation of graphene oxide (GO), reduced graphene oxide (RGO) and sulfophenyl-modied RGO (SRGO) by thermogravimetric analysis coupled with mass spectrometry (TGA-MS) analysis. The TGA-MS data conrmed the covalent graing of sulfophenyl groups on RGO. The three materials were also characterized by nitrogen gas adsorption, FTIR, four-point probe measurements as well as by Raman and X-ray photoelectron spectroscopy.
ltrate has a pH close to 7 (neutral). The product obtained is then dried at room temperature for one day. Then, the preoxidized graphite is dispersed in H 2 SO 4 (0 C, 115 mL). The temperature of the mixture is carefully controlled to not exceed 10 C. Subsequently, potassium permanganate (KMnO 4 , 15 g) is gradually added with constant stirring for 1 hour. The dispersion is then incubated at 35 C for 2 h and this is followed by the addition of Nanopure water (225 mL) in small portions (15 mL) to control the temperature of the mixture, which must remain below 50 C. In order to completely dissolve the KMnO 4 remaining, hydrogen peroxide (H 2 O 2 30%, 12.5 mL) was immediately added at the end of a second dilution (H 2 O, 700 mL), and the mixture is stirred for 48 hours. Finally, the suspension is ltered, washed rst with HCl (10%) to remove residual metal ions, and repeatedly with Nanopure water until the pH of ltrate becomes neutral. The ltrate is quickly tested by adding a few drops of 1 M NaOH to verify the presence of metal ions in GO. The product obtained (graphite oxide) is then dried in air. The resultant graphite oxide was dispersed in Nanopure water kept in the ultrasonic bath for 24 hours to maximize exfoliation. A homogeneous and stable colloidal suspension for several months is obtained ( Fig. 1, GO) .
Preparation of reduced graphene oxide (RGO)
The reduced graphene oxide (RGO) is obtained by thermal reduction of GO in Ar/5% H 2 at various temperatures for 2 h. The resulting RGO can be dispersed in water and the dispersion stayed stable for few hours, as shown in Fig. 1 .
Covalent attachment of 4-sulfophenyl groups by the diazonium chemistry on RGO surface Typically, a mass of 100 mg of RGO is dispersed in 100 mL of an acetonitrile/H 2 O (50 : 50, v/v) mixture and a homogeneous and stable colloidal suspension was obtained aer sonication, for 30 min. Then, 15 mmol of amine (4-aminobenzenesulfonic acid) and an excess of sodium nitrite (22.5 mmol; 1.5 equiv. compared to the amine) was directly added to the dispersion. The mixture was dispersed by sonication during an additional 30 min to completely dissolve the reagents and this was followed by the addition of 10 mL of concentrated HCl. The reaction mixture remained under agitation for 24 hours at room temperature. The dispersion was nally vacuum ltered on a Nylon ltration membrane having a pore size diameter of 0.47 mm (Pall) and the resulting powder was successively washed with a mixture acetonitrile/Nanopure water, acetonitrile, DMF, methanol and acetone. Finally, the resulting modied-RGO (SRGO) was dried under vacuum at 80 C overnight before being subjected to thermal annealing under Ar atmosphere at 250 C for 1 h. The resulting powder is dispersible in water and remains stable for several days (Fig. 1, SRGO) .
Morphological, structural and optical characterization
The morphology of the graphene materials was investigated by transmission electron microscopy (TEM) using a 200 keV JOEL JEM-2100F model transmission electron microscope operated with a bright eld image. The energy band gap of reduced graphene oxide (RGO) and sulfophenyl-modied reduced graphene oxide (SRGO) was determined at room temperature using UV/VIS/NIR Spectrophotometer Lambda 750. For these analyses, the graphene samples were dispersed in NMP (N-methyl-2-pyrrolidone) to form colloidal suspensions (0.03 mg mL
À1
). The optical band gap (E g ) of RGO and SRGO were estimated using the Tauc-David Mott equation (eqn (1)).
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where hn is the photon energy (h is Planck's constant, n is the light frequency), a the absorption coefficient, E g is the optical gap, the nature of band transition characterized by n ¼ 1/2, 2, 3/ 2 and 3 and the constant, which is different for each transition. 25 Fourier transform infrared (FTIR) spectroscopy was employed to characterize the graphene materials using the Nicolet 6700 FTIR in the 3800-700 cm À1 region. XPS spectra were collected using the spectrophotometer PHI 5600-ci (Physical Electronics, Eden Prairie, MN, USA). The excitation source used for survey spectra was by standard Al K a (1486.6 eV) X-rays at 400 W and for core level spectra, by Mg K a (1253.6 eV) X-rays at 150 W. The analyses were performed without charge compensation at an angle of 45 with the surface. The detector aperture was set at 5 and the surface area analyzed was 0.016 cm 2 . The core level spectra were curve-tted with the Casa XPS soware by using mixed Gaussian-Lorentzian product function (70% Gaussian). Each spectrum was corrected with respect to C 1s at 284.5 eV (C sp 2 graphite like carbon) and a Shirley type background subtraction was performed before curve-tting. Thermogravimetric analysis coupled with mass spectroscopy (TGA-MS) was carried out with a thermal gravimetric analyzer (TA Instruments TGA (Q500)/Discovery MS). Samples of typically 2 mg were placed in Pt pans and heated from 30 to 900 C with a temperature ramp of 5 C min À1 , under owing helium (He)
atmosphere. Raman spectroscopy measurements were performed using a micro-Raman system (UHTS300) with excitation from an argon ion laser beam (532 nm) at low power level (2 mW) in order to avoid damaging the organic functional groups. The surface area and pore volume were quantied using the Brunauer-Emmett-Teller (BET) method from the adsorption branch data set recorded for P/P 0 values between 3 Â 10 À1 and 5
Â 10

À2
. The volume of nitrogen adsorbed was recorded for relative pressures (P/P 0 ) ranging from 1 Â 10 À6 to 1. The density functional theory (DFT) was used to provide a much more accurate approach to pore size analysis. 26 Prior to measurements, the sample was degassed for 4 h under vacuum. Electronic conductivity of GO, RGO and SRGO lms was obtained at room temperature by using a 4-point probe measurement by using a Keithley 6220 DC precision current source (US). The GO, RGO and SRGO lms were obtained as follows. The samples were dispersed in water by ultrasonication for 30 min and the resulting suspensions were ltered through a polytetrauoro-ethylene (PTFE) membrane lter by vacuum ltration and dried under vacuum at 70 C overnight. The electrical conductivities were calculated by using the following equation:
where r (U cm) is the resistivity, d (cm) is the sample thickness and R (U) is the resistance.
Results and discussion
Morphological characterization of RGO and SRGO TEM images were employed to study the morphology of RGO and SRGO. Fig. 2a clearly shows that the RGO sheets are almost transparent, suggesting that they consist of a few layers. The EDX spectrum (Fig. 2a ) of the RGO sample conrms the presence of only carbon and of a small amount of oxygen (O/C: 0.08). On the other hand, Fig. 2b exhibits aggregated and wrinkled sheets. This observation demonstrates that the attachment of organic groups on the surface of graphene sheets favour their overlapping and folding. 20, [28] [29] [30] It is an indirect way to conrm the functionalization of RGO sheets with organic molecules. Energy dispersive spectrum of SRGO (Fig. 2b) shows sulfur peaks that conrm the presence of sulfophenyl groups on reduced graphene oxide.
Optical band gap
The visible/near-infrared absorption spectra of RGO and SRGO presented in 
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Nitrogen gas adsorption Fig. 4a shows the nitrogen adsorption/desorption isotherm at 77 K for GO, RGO and SRGO. The adsorption isotherm of GO is featureless and shows a small volume of adsorbed nitrogen gas at low relative pressure (Fig. 4a, GO and inset) . 34 This translates in a low specic surface areas of 25 and 15 m 2 g À1 according to
BET and DFT Monte Carlo approaches, respectively (Table 1) , which is in agreement with that reported in the literature.
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Both unmodied and modied RGO present mixed type I and type II isotherms for low and high relative pressure (P/P 0 ), 9, 36, 37 respectively. At low P/P 0 (0-0.5), the low adsorbed volume for RGO and SRGO is characteristic of mesoporous-like material, which is conrmed by the plateau and a H3 hysteresis loop.
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It can be seen that, aer modication of RGO, a drop of the adsorbed volume is observed for SRGO a low relative pressure. The effect of organic molecules graing on graphene sheets can be quantied by BET surface area (Table 1) , the cumulated surface area (Fig. 4b) as well as the pore size distribution (Fig. 4c) . The BET surface area of RGO is about 900 m 2 g À1 and the material consists of small mesopores (2-50 nm) (Fig. 4c) . The high specic surface area demonstrates that the thermal reduction with loss of oxygen functional groups created porosity. Although, it is still far below to the theoretical value for completely exfoliated and isolated graphene sheets (2630 m 12,41-43 The lower value could be due to the agglomeration/ precipitation and partial overlapping of reduced sheets during the thermal reduction process, which could lead to inaccessible surface. 42 Following graing of sulfophenyl groups, the BET surface area decreased to 300 m 2 g À1 for SRGO ( Fig. 4b and Table 1 ). This decrease of the BET surface area provides indirect evidence for graing. Obviously, the attachment of organic molecules at the RGO surface causes changes in the graphene structure and creates a similar situation to that of the oxides on the surface of the graphene sheets. 44, 45 The graing block some pores of graphene sheets aggregates which make them inaccessible, 9 which creates a signicant decrease of the cumulated surface area (Fig. 4b ) and a noticeable difference of the pore size distribution (Fig. 4c) . Interestingly, graing of sulfophenyl groups lead to smaller pores which might be formed by the decarboxylation of groups present on RGO. (Fig. 5a) displays the presence of bands associated to C-O (y C-O at 1048 and 1550 cm À1 (y C]C ), which suggests that the GO has been effectively reduced during the process. The slight shi of these two bands to higher energy indicates the restoration of the pnetwork. 43 The SRGO spectrum shows new bands at 1034 and 1160 cm À1 , which fall within the range of the symmetric and asymmetric stretching modes of -SO 3 H functional groups and demonstrate the presence of sulfophenyl groups on RGO.
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Raman spectroscopy
Raman spectroscopy provides valuable information for graphene and its derivates because it is very sensitive to the electronic structure of the carbon nanostructures, therefore the degree of hybridization, the crystal disorder and the extent of chemical modication. 20, 51 Fig . 6 shows the Raman spectra obtained for GO, RGO and SRGO. Each spectrum exhibits a G band corresponding to the rst-order scattering of the E 2g mode 42 around 1600 cm À1 and a D band arising from the doubly resonant disorder-induced mode at $1350 cm À1 .
52-56
The ratio of the intensity of these two bands (I D /I G ) is included on the gure.
The GO sample shows a prominent D peak with a I D /I G of 1 indicative of signicant structural disorder created due to the presence of oxygen functional groups. 57, 58 Consequently, the sharp increase of the I D /I G ratio from $0.09 for pristine graphite (ESI, Fig. S2 †) indicates a decrease in the in-plane crystal and a partial amorphization of graphite, by conversion of sp 2 to sp 3 carbon bonds. The G peak of GO is shied to higher energy ($19 cm À1 ) and broadened signicantly compared to that of pristine graphite (ESI, Fig. S2 †) . 52, 56, 57, 59 Following thermal reduction of graphene oxide, the vibration frequency of the G band decreases to 1588 cm À1 (Fig. 6b) , a value still slightly higher than that of pristine graphite. This phenomenon could be attributed to the inuence of residual defects and isolated double bonds in RGO. 56, 60 Nevertheless, the I D /I G ratio in this case decreases to 0.84, indicating that there were some structural changes occurring during the thermal reduction process, which did not much altered the structure of RGO but partially restored the graphitic (sp 2 ) network. 58 Fig. 6c shows the Raman spectrum of functionalized RGO (SRGO) by sulfophenyl groups. The increase of the I D /I G ratio from 0.84 to 0.95 reects the enhancement of in disorder aer graing which is due to the transformation of sp 2 carbon to sp 3 during the covalent attachment of organic molecules on graphene sheets. 20 The slight shi of G-band ($5 cm
À1
) to higher energy conrms the covalent graing of organic molecules, which oen isolates sp 2 C atoms.
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The shape and the position of 2D band of GO, RGO and SRGO spectra around 2680 cm À1 indicate that these graphene materials consist of few layers. 62, 63 Also, it provides information on the quality of graphene oxide initially synthesized. Typically, the low intensity of 2D peak and the prole recorded in this region are the signature of graphene oxide and its derivatives. 58, 64 This low intensity and broad 2D peak for GO compared with those of electrochemically exfoliated graphene (EG) 20, 54 or prepared by chemical vapor deposition (CVD) [65] [66] [67] reects the more important contribution of the steric effects of oxygen functionalities on the stacked layers as well as the partial amorphization and reduction in sp 2 domains.
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Electrical conductivity measurements
The electronic conductivities of GO, RGO and SRGO lms are collected in Table 1 . The low conductivity of graphene oxide (0.5 S cm À1 ) is due to the lack of p-electronic conjugation caused by the extensive oxidation of graphite during the Hummers process. 11 The thermal reduction increases the conductivity 68, 69 to 7.7 S cm À1 . Theoretically, the reduction of GO should rstly remove the oxygen functionalities groups, secondly rehybridize the sp 3 carbon atoms to sp 2 C and nally leave the material defects free like pristine graphene. However, no reduction method could totally restore the sp 2 structure of graphene.
Then, the residual defects will affect the properties especially the electrical conductivity of RGO. 17, [69] [70] [71] The higher conductivity of RGO is in good agreement with its lower I D /I G ratio relative to that of GO. The signicant decrease of electrical conductivity of SRGO (Table 1) is related to the covalent graing of organic molecules that converts some sp 2 C atoms to sp 3 C atoms resulting in the increase of the I D /I G ratio (Fig. 6c) and disruption of the p-network.
X-ray photoelectron spectroscopy (XPS)
XPS is a valuable tool for the surface chemical analysis of carbon nanostructure materials and to conrm the immobilization of the different functional groups at the graphene surface during the synthesis or its functionalization. 45, 72, 73 Fig. 5 shows a set of XPS spectra for GO, RGO and SRGO. The survey spectra of GO and RGO exhibit the characteristic C 1s peak at 285 eV and O 1s at 533 eV and for GO an additional small N 1s peak at 400 eV which could be related the trapping of molecular nitrogen.
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The decrease of the O/C ratio from 0.43 to 0.11 aer GO reduction to RGO demonstrates that thermal annealing eliminates most of the oxygen functionalities of graphene oxide. 18, 69, 75 A decrease of the intensity of N 1s peak is also noticeable. Following RGO functionalization by sulfophenyl groups, the O/C ratio increases from 0.11 to 0.17 due to the sulfonate groups (-SO 3 À ) immobilized on graphene sheets. In addition, the SRGO survey spectrum (Fig. 3a) displays additional peaks at 230 and 167.7 eV assigned to the sulfonate groups (S 2s and S 2p, respectively). 76, 77 The N 1s signal observed at 400 eV indicates the formation of azo bridges (C-N]N-C) that are commonly present in graed modied carbon materials by using diazonium cations. 46, [78] [79] [80] [81] [82] Their presence could be used as an indirect proof of graing. 83 Furthermore, core level spectra were recorded for the three samples (GO, RGO and SRGO) and curve-tted spectra are shown in Fig. 7b-h. C 1s region. The C 1s core level spectrum of GO ( Table S1 . † 17,42 The relative atomic concentration for different oxygenated carbon functional (C sp 3 ) groups is also included in Table S1 † together with their counter parts from the O 1s core level spectra. The C-O species represent 50% of the total carbon atoms (Table S1 †). The high oxygen content of GO is essentially related to the use of KMnO 4 as oxidizing agent during its preparation. 84 For RGO, its C 1s core level spectrum was tted with ve components (Fig. 7c) . The contribution at 284 eV, attributed to non-oxygenated ring C, shows a signicant increase of its relative area and a decrease of the FWHM (ESI, Table S1 †). This suggests that the thermal treatment partially restored the p-electron network by removing most of oxygen functional groups on graphene sheets. 85 Indeed, the component observed at 286.6 eV (C-O-C) in GO spectrum (Fig. 7b) , signicantly decreased aer thermal reduction as well as the one of C-OH at 285.8 eV (ESI , Table S1 †) . 64, 69, 85, 86 This result is in good agreement with the FTIR spectra of these two materials. The C 1s XPS spectrum of RGO (Fig. 3c ) also exhibits the carbonyl (C]O, 287.4 eV) and the carboxylate carbon (O-C]O, 289 eV) with peak intensities noticeably reduced in comparison to GO. However, their relative atomic concentration in terms of oxygenated carbon species (ESI, Table S1 †) slightly increased, probably due to CO 2 blisters (especially from epoxy groups) 85 which could be trapped between graphene sheets during the annealing. 87, 88 In addition, there is an additional component at 290.5 eV corresponding to shake-up satellite (pp*) peak or to p-electrons delocalized in the aromatic network.
89 Fig. 5d displays the C 1s core level spectrum of modied RGO (SRGO) with sulfophenyl groups. The spectrum can be tted with 3 major components. It can be seen that, aer graphene functionalization the relative atomic concentration of C-OH (peak at 285.4 eV) increased from 66 to 78% (ESI, Table  S1 †), suggesting an increase of the contribution of graphene derived sp 3 carbon (the C in C-N/C-O) bonds 27, 90, 91 due to the reaction with sulfophenyl diazonium ions. It is also noted that the relative area of the peak around 287.7 eV decreased and the carboxylate component (O-C]O) at 289 eV in RGO spectrum (Fig. 5c ) disappeared aer graing of sulfophenyl groups. The departure of the carboxylic (COOH) groups can be attributed to the decarboxylation of the carboxylic functionalities present at the RGO surface during the reduction of the diazonium cations and subsequent graing. 45, 46 S 2p region. The core level spectrum of S 2p peak displayed in Fig. 3e can be curve-tted with a doublet at 168.3 and 167 eV for S 2p 1/2 and S 2p 3/2 , respectively (Fig. 7e) . This conrms the presence of sulfonate groups (-SO 3 À ) on the graphene sheets surface. 92, 93 O 1s region. The O 1s core level spectrum of graphene oxide (GO) shown in Fig. 5f can be curve-tted with two main contributions at 531.7 and 532.7 eV corresponding to C-O-C (46%) 74, 94, 95 and C-O (37%), (ESI, Table S1 †), which arise at the edge or bonded to the basal plane of GO as carbonyl groups. 85, 98, 99 The additional weaker contribution observed at 534 eV is related to water intercalation. 43, 85, 89, 95, 96, [99] [100] [101] [102] Aer thermal reduction of GO, two components related to C]O (530.5 eV) and C-OH (532.7 eV) became clearly visible with very low intensities (Fig. 5g) 85,89 and a noticeable decrease of the relative areas (ESI, Table S1 †) because of complete loss/conversion of C-O-C groups. 103 Water molecules trapped between graphene layers, were removed during GO thermal reduction. 85, 104 Following RGO functionalization, the atomic concentration (ESI, Table S1 †) and the peak intensity (Fig. 5g) of the component at 530.6 eV considerably increase. This observation is in good agreement with the introduction of the oxygenated groups attributed to S-O bonds.
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Thermogravimetric analysis coupled to mass spectrometry
The novelty of our work relative the vast literature existing on functionalized graphene lies in the use of TGA-MS to characterize the sulfophenyl-modied RGO. Fig. 8 shows the TGA-MS proles of GO, RGO and SRGO under He ow. The thermogram of graphene oxide (GO) (Fig. 8a) shows a major weight loss of 35% between 170 and 300 C, with an inection point at 200 C.
The thermogravimetric analysis simultaneously coupled with mass spectroscopy (TGA-MS) allowed to show that the mass loss is originating from OH (m/z 17), water (m/z 18), CO (m/z 28) and CO 2 (m/z 44) release (Fig. 8b ). This sudden mass loss is attributed to the removal of labile oxygen functional groups on GO sheets. 42 A weaker mass loss occurs when the temperature is increased between 300 and 900 C and is related to the gradual removal of more stable oxygen functionalities. The TGA-MS data of GO ( Fig. 8a and b) indicate that the weight loss above 300 C can essentially be assigned to CO (m/z 28) release. The signi-cant mass loss ($50 wt%) observed in the TGA analysis reects the extent of the defects in the GO, which make the material thermally unstable. In contrast, RGO (obtained by thermal reduction of GO at 800 C) show only a 5 wt% mass loss up to 500 C, which suggests that a signicant amount of labile oxygen groups were removed during heat treatment (Fig. 8c) . The weight loss (20%) observed between 500 and 900 C ( Fig. 8c and d) is mostly associated to the departure of the carbonyl groups (CO 2 , m/z 44) (Fig. 8d) , that have not been removed during the pre-heat treatment of the GO as shown on the mass spectrum in Fig. 8c . The elimination of oxygen functionalities from GO during the pre-thermal annealing enhances the van der Waals forces attraction between graphene layers, which makes RGO thermally more stable. 17 The TGA curves of Fig. 8d show no signicant difference for GO treated at 200 and 800 C.
However, aer sulfophenyl functionalization of RGO, SRGO displays a different prole compared to RGO (Fig. 8e) . The onset of weight loss ($12 wt%) observed at about 350 C is attributed to the thermal removal of organic functional groups and the weight loss is greater than that caused by the departure of only labile oxygen functionalities in this range of temperature. Two relevant fragments m/z ¼ 64 (SO 2 ) and m/z ¼ 78 (C 6 H 12 ) are detected between 250 and 550 C and correlate with the mass loss ( Fig. 8e and f) . The maximum of the SO 2 and C 6 H 12 peaks is around 350-400 C, conrming the chemical bonding between graphene sheets and aryl groups. 81 The signal with m/z 44, attributed to CO 2 , showed a different prole compared to unmodied RGO, with a maximum at 600 C. The graing of sulfophenyl groups on RGO surface is conrmed by elemental analysis (ESI, Table S2 †). Their mass loading was calculated to be 12 wt% from the data in Table S2 , † by considering the presence of a sulfur atom per graed group.
Conclusion
Reduced graphene oxide (RGO) was synthesized via thermal reduction of GO under argon/hydrogen between 200 and 800 C. Thermogravimetric analysis coupled with mass spectra analysis was rstly used to examine oxygen functionalities of GO and secondly to conrm the presence of sulfophenyl groups on the surface of chemically modied RGO. The immobilization of organic molecules on the graphene sheets was demonstrated by TEM, FTIR, XPS and nitrogen gas adsorption. Electronic conductivity measurements and Raman spectroscopy conrmed the covalent bonds between the graphene sheets and the organic molecules. The optical band gap of RGO was found to decrease following graing of sulfophenyl groups. Finally, sulfophenyl and other aryl modied-graphene have a wide variety of potential applications. Similarly to modied carbons, SRGO and more general aryl-modied graphene could be employed in proton exchange membrane fuel cells, electrochemical capacitors, batteries, inks for printing, sensors as well as automotive and biomedical coatings.
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